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Endpoint dilution using an antibody to the adenoviral hexon protein may be used 
to quantitate virus production or infection efficiency of target cells (Armentano et 
al. (1995) Hum, Gene Ther. 6:1343-53. 

In addition to containing the DNA sequences encoding one or more 
5 transgenes, the chimeric adenoviral vectors of the invention may contain any 

expression control sequences such as a promoter or enhancer, a polyadcnylation 
element, and any other regulatory elements that may be used to modulate or 
increase expression, all of which are operabiy linked in order to allow expression 
of the transgene. The use of any expression control sequences, or regulatory 
1 0 elements, which facilitate expression of the transgene is within the scope of the 

invention. Such sequences or elements may be capable of generating tissue- 
specific e> | induction by exogenous agents or stimuli. 

Construction of Retroviral Vectors 

1 5 The antigen presenting cells described herein can also be genetically 

modified with retroviral vectors produced recombinant^/ by procedures already 
taught in the art. For example, WO 94/29438 describes the construction of 
retroviral packaging piasmkls and packaging cell lines. As is apparent to the 
skilled artisan, the retroviral vectors useful in the methods of this invention are 

20 capable of infecting the ceils described herein. The techniques used to construct 

vectors, and iransfect and infect cells are widely practiced in the art. Examples of 
retroviral vectors are those derived from murine, avian or primate retroviruses. 
Retroviral vectors based on the Moloney murine leukemia virus (MoMLV) are the 
most commonly used because of the availability of retroviral variants that 

25 efficiently infect human cells. Other suitable vectors include those based on the 

Gibbon Ape Leukemia Virus (GALV) or HIV. 

The range of host cells that may be infected by a retrovirus or retroviral 
vector is determined by the viral envelope protein. The recombinant virus can be 
used to infect virtually any other ceil type recognized by the em? protein provided 

30 by the packaging ceil, resulting in the integration of the viral genome in the 
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transduced cell and the stable production of the foreign gene product In general, 
murine ecotropic env of MoMLV allows infection of rodent cells, whereas 
amphotropic env allows infection of rodent, avian and some primate cells, 
including human cells, Ampbotropic packaging cell lines for use with MoML V 
5 systems are known m the art and commercially available and include, but are not 

limited to, PA12 and PA3 1 7. Miller et al. (1 985) Mo I. Ceil. Biol 5:43 1 -437; 
Miller et al. (1986) Mol. Ceil Biol. 6:2895-2902; and Danos et at. (1988) Proe. 
Natl. Acad. Sci. USA 85:6460-6464. Xenotropic vector systems exist which also 
allow infection of human cells. 

1 0 The host range of retroviral vectors has been altered by substituting the 

env protein of the base vims with that of a second vims. The resulting, 
"pseudotyped", virus has the host range of the virus donating the envelope protein 
and expressed by the packaging cell line. Recently, the G-glycoprotera from, 
vesicular stomatitis virus (VSV-G) has been substituted for the MoMLV env 

1 5 protein. Bums et al. (1 993) Proc. Natl. Acad. Sci USA 90:8033-8037; and PCT 

patent application WO 92/14829. Since infection is not dependent on a specific 
receptor, VSV-G pseudotyped vectors have a broad host range, 

Usually, the vectors will contain at least two heterologous genes or gene 
sequences: (i) the therapeutic gene to be transferred; and (ii) a marker gene that 

20 enables tracking of infected ceils. 

The viral vector can be modified to incorporate chimeric envelope proteins 
or nonvirai membrane proteins into retroviral particles to improve particle 
stability and expand the host range or to permit cell type-specific targeting during 
infection. The production of retroviral vectors that have altered host range is 

25 taught, for example, in WO 92/14829 and WO 93/14188. Retroviral vectors that 

can target specific ceil types in vivo are also taught, for example, in Kasahara et 
al. (1994) Science 266:1373-1376. Kasahara et al. describe the construction of a 
Moloney leukemia virus (MoMLV) having a chimeric envelope protein consisting 
of human erythropoietin (EPO) fused with the viral envelope protein. This hybrid 

30 vims shows tissue tropism for human red blood progenitor cells that bear the 
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receptor for EPCX and is therefore useful in gene therapy of sickle cell anemia and 
thalassemia. Retroviral vectors capable of specifically targeting infection of cei ls 
are preferred for in vivo gene therapy. 

The vector construct is introduced into a packaging ceil line which will 
5 generate infectious virions. Packaging cell lines capable of generating high titers 

of replication-defective .recombinant viruses are known in the art, sec for example, 
WO 94/29438. Viral particles are harvested from the cell supernatant and purified 
for in vivo infection using methods known in the art such as by filtration of 
supernatant* 48 hours post transfection. The viral titer is determined by infection 

1 0 of a constant number of appropriate ceils (depending on the retrovirus) with 

titrations of viral supernatants. The transduction efficiency can be assayed 48 
hours later by a variety of methods, including Southern blotting. 

After viral transduction, die presence of the viral vector in the transduced 
cells or their progeny can be verified such as by PCR. PCR can be performed to 

1 5 detect the nuuker gene or other virally transduced sequences, Generally, periodic 

blood samples are taken and PCR conveniently performed using e.g. NeoR probes 
if the NeoR gene is used as marker. The presence of virally transduced sequences 
in bone marrow cells or mature hematopoietic cells is evidence of successful 
^constitution by the transduced cells. PCR techniques and reagents are well 

20 known in the art, See, generally, PCR PROTOCOLS, A GUIDE TO METHODS AND 

Applications, innis, Gelfend, Sninsky & White, eds. (Academic Press, Inc., San 
Diego, 1990) and commercially available (Perkin-Elmer). 

In vitro/ex vivo, exposure of human DCs to adenovirus (Ad) vector at a 
multiplicity of infection (MOI) of 500 for 16-24 h in a minimal volume of sexum- 

25 free medium reliably gives rise to transgene expression in 90- 1 00% of DCs. The 

efficiency of transduction of DCs or other APCs can be assessed by 
immunofluorescence using fluorescent antibodies specific for the tumor antigen 
being expressed (Kim et ah, 1997). Alternatively, the antibodies can be 
conjugated to an enzyme (e.g. HRP) giving rise to a colored product upon reaction 
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with the substrate. The actual amount of antigen being expressed by the APCs 
can be evaluated by ELISA. 

Transduced APCs can subsequently be administered to the host via an 
intravenous, subcutaneous, intranasal, intramuscular or intraperitoneal route of 
5 delivery. 

In vivo transduction of DCs, or other APCs, can potentially be 
accomplished by administration of Ad (or other viral vectors) via different routes 
including intravenous, intramuscular, intranasal, mtraperitoneat or cutaneous 
delivery. The preferred method is cutaneous delivery of Ad vector at multiple 

10 sites using a total dose of approximately lxlO i0 -lx I0 12 Lu. Levels of in vivo 

transduction can be roughly assessed by co-staining with antibodies directed 
against APC marker(s) and the TAA being expressed. The staining procedure can 
be carried out on biopsy samples from the site of administration or on cells from 
draining lymph nodes or other organs where APCs (in particular DCs) may have 

1 5 migrated. The amount of TAA being expressed at the site of injection or in other 

organs where transduced APCs may have migrated can be evaluated by ELISA on 
tissue homogenates. 

Although viral gene delivery is more efficient, DCs can also be transduced 
in vitro/ex vivo by non-viral gene delivery methods such as eiectroporation, 

20 calcium phosphate precipitation or cationic lipid/piasmid DNA complexes. 

Transduced APCs can subsequently be administered to the host via an 
intravenous, subcutaneous, intranasal, intramuscular or intraperitoneal route of 
delivery. 

In vivo transduction of DCs, or other APCs, can potentially be 
25 accomplished by administration of cationic lipid/piasmid DNA complexes 

delivered via the intravenous, intramuscular, intranasal, intraperitoneal or 
cutaneous route of administration. Gene gun delivery or injection of naked 
plasmid DNA into the skin also leads to transduction of DCs. Intramuscular 
delivery of plasmid DNA may also be used for immunization. 
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The transduction efficiency and levels of transgene expression can be 
assessed as described above for viral vectors. 

Expansion of Immune Effector Cells 

5 The present invention makes use of these APCs to stim ulate production of 

an enriched population of antigen-specific immune effector ceils. The antigen- 
specific immune effector cells are expanded at the expense of the APCs, which 
die in the culture. The process by which naive immune effector cells become 
educated by other cells is described essentially in Coulic (1997) Molcc. Med. 

10 Today 3:263-268, 

in a preferred embodiment the antigen-spec i lie immune effector cells are 
CTLs. In one aspect, the cytotoxic T ceils are polyclonal T cells isolated from a 
site of cytotoxic T ceil infiltration from a subject. Alternatively, such cells may 
be isolated from a site of cytotoxic T ceil infiltration from two or more subjects or 

1 5 human patients, in which the subjects share an MHC haiotype. In another 

embodiment, the CTLs may be two or more cytotoxic T cell lines. In yet another 
embodiment, the CTLs may be any combination of the foregoing. 

In a further aspect of the invention, the site of cytotoxic T ceil infiltration 
is a tumor. The tumors from which cells or cell lines are obtained can be the same 

20 type of tumor in different individuals with a shared MHC haiotype or different 

types of tumors from different subjects who share an MHC haplotype. 

The APCs prepared as described above are mixed with naive immune 
effector ceils. Preferably, the cells may be cultured in the presence of a cytokine, 
for example IL2. Because dendritic ceils secrete potent immunostiraulatory 

25 cytokines, such as IL2, it may not be necessary to add supplemental cytokines 

during fee first and successive rounds of expansion. In any event, the culture 
conditions are such that the antigen-specific immune effector ceils expand (i.e. 
proliferate) at a much higher rate than the APCs. Multiple infusions of APCs and 
optional cytokines can be performed to further expand the population of antigen- 

30 specific cells. 
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In one embodiment, the immune effector cells are T ceils and are specific 
for tumor-specific antigens which are presented by the APCs, 

Compositions 

5 This invention also provides compositions containing any of the above- 

mentioned proteins, mutetns, polypeptides, nucietc acid molecules, vectors, cells 
antibodies and fragments thereof, and an acceptable solid or liquid carrier. When 
(he compositions are used pharmaceutical!)-, they are combined with a 
"pharmaceutical ly acceptable carrier" for diagnostic and therapeutic use. These 
.1 0 compositions also can be used for the preparation of medicaments for the 

diagnosis and treatment of diseases such as cancer. 

Tumor Protection in Animal Models 

Applicants are the first to establish that, based on the animal models 
1 5 described below, prevaccination with the compositions of this invention will, 

prevent or delay onset of disease. 

The murine B16 melanoma model was used. In this model, C57BL/6 mice 
were immunized with bone marrow-derived DCs transduced with an Ad vector 
encoding either human gplOO (Ad/hugplOQ) or mouse gplOO (Ad/mgplOO). Mice 
20 immunized against heterologous human gp 1 00 developed a protective immune 

response and were resistant to a lethal subcutaneous challenge of Bl 6 melanoma 
cells (syngeneic tumor cell line that expresses gplOO). In contrast, mice 
immunized with homologous mouse gplOO failed to mount a protective immune 
response against B 1 6 melanoma cells and developed tumors at the site of B 1 6 cell 
25 injection. This finding illustrates the difficulty in breaking tolerance against a self 

antigen (mouse gpiOO). The corresponding heterologous antigen from a different 
species (human gplOO), however, is likely to contain several Class I and Class II- 
associaied epitopes that will be recognized as foreign and elicit CD8* and CDC T 
cell responses, respectively. The induction of cross-reactive CTLs that recognize 
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both (he heterologo us and homologous self-antigen can then lead to lysis of host 
tumor cells. 

Unfortunately, this type of animal model cannot be used to test the 
efficacy of modified or heterologous tumor antigens being considered for use in 
5 humans since mice and humans recognize different epitopes, primarily as a result 

of differences in their MHC molecules. It may be possible, however, to use the 
allogeneic human peripheral blood lymphocyte - severe combined 
immunodeficiency mouse (Hu-PBL-SCID) model. SCID mice lack mature B and 
T lymphocytes and can he reconstituted with human PBLs. ft may he possible to 
1 0 immunize such mice with test antigen to induce a response in adoptively 

transferred human PBLs and evaluate protection against challenge with a human 
tumor cell line (Mosier et al., 1 988; Parney et al, 1997; Albert et a!., 1 997). 

Another possibility is immunization of HLA-A2.1 transgenic mice to 
reproduce the immune reactivity of HLA-A2 individuals. 

15 

Adoptive Immunotherapy and Vaccines 

The expanded populations of antigen-specific immune effector ceils of the 
present invention find use in adoptive immunotherapy regimes and as vaccines. 

Adoptive immunotherapy methods involve, in one aspect, administering to 
20 a sufaj ect a substantially pure population of educated, antigen-specific immune 

effector cells made by culturing naive immune effector ceils with APCs as 
described above. Preferably, the APCs are dendritic cells, 

In one embodiment, the adoptive immunotherapy methods described 
herein are autologous. In this case, the APCs are made using parental cells 
25 isolated from a single subject. The expanded population also employs T cells 

isolated from that subject. Finally, the expanded population of antigen-specific 
cells is administered to the same patient 

In another embodiment, the adoptive immunotherapy methods are 
allogeneic. Here, cells from two or more patients are used to generate the APCs, 
30 and stimulate production of the immune effector cells. For instance, cells from 
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other healthy or diseased subjects can be used to generate antigen-specific cells in 
instances where it is not possible to obtain autologous T cells and/or dendritic 
cells from the subject providing the biopsy. The expanded population can be 
administered to any one of the subjects from whom cells were isolated, or to 
5 another .subject entirely. 

In a further embodiment, APCs or immune effector cells are administered 
with an effective amount of a stimulatory cytokine, such as IL-2 or a co- 
stimulatory molecule. 

The agents identified herein as effective, for their Intended purpose can be 

3 0 administered to subjects or individuals susceptible to or at risk of developing a 

disease, such as cancer. When the agent is administered to a subject such as a 
mouse, a rat or a human patient, the agent can be added to a pharmaceuticalty 
acceptable carrier and systemically or topically administered to the subject. To 
determine patients that can be beneficially treated, a tumor regression can. be 

I S assayed. Therapeutic amounts can be empirically determined and will vary with 

the pathology being treated, the subject being treated and the efficacy and toxicity 
of the therapy. When delivered to an animal, the method is useful to further 
confirm efficacy of the agent. As an example of an animal model, groups of nude 
mice (Balb/c NCR nu/nu female, Simonsen, Gilroy, CA) are each subcutaneously 

20 inoculated with about 1 0 s to about 1 0 V byperproliferative, cancer or target cells as 

defined herein. When the tumor is established, the agent is administered, for 
example, by subcutaneous injection around the tumor. Tumor measurements to 
determine reduction of tumor size are made in two dimensions using venier 
calipers twice a week. Other animal models may also be employed as 

25 appropriate. 

Administration in vivo can be effected in one dose, continuously or 
intermittently throughout the course of treatment. Methods of determining the 
most effective means and dosage of administration are well known to those of 
skill in the art and will vary with the composition used for therapy, the purpose of 

30 the therapy, the target cell being treated, and the subject being treated. Single or 
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multiple administrations can be carried out with the dose level and pattern being 
selected by the treating physician. Suitable dosage formulations and methods of 
administering the agents can be found below. 

The agents and compositions of the present invention can be used in the 
5 manufacture of medicaments and for the treatment of humans and other animals 

by administration in accordance with conventional procedures, such as an active 
ingredient in pharmaceutical compositions. 

More particularly, an agent of the present invention also referred to herein 
as the active ingredient, may he administered for therapy by any suitable route 
10 including nasal „ topical {including transdermal, aerosol buccal and sublingual.), 

parenteral (including subcutaneous, intramuscular, intravenous and intradermal) 
and pulm try. its dso 1 i ferred route will vary with 

the condition and age of the recipient, and the disease being treated. 

The compositions and methods described herein are particularly useful in 
1 5 providing or inducing a prophylactic immune response in an animal. Animals in a 

pre-disease state or in a disease free interval, i.e., having or pre-disposed to a 
condition subject to immune surveillance, are most suitably treated by the 
methods and compositions described herein. Such conditions involve the 
activation of an immune response in a diseased state or period. 

20 

i \u a ; 

Dendritic ceils were derived from peripheral blood of a HLA-A2+ human 
donor using standard GM-CSF/IL-4 culture technique. After six days, the cells 

25 were infected with an adenovirus (serotype 2) construct encoding human gp 100. 

At T=7 days, they were restimulated with 5 x 10 s infected autologous DCs (from 
frozen stocks) and given 50 U/ml rhIL-2. At T-14 days, the cultures were treated 
with leucyl-ieucyi-methyl ester in order to eliminate NK cell activity. 
Immediately after treatment, the cells were washed thoroughly and replaced along 

30 with 1 x JO 7 mitomycin C-treated autologous PBMC as feeders. At T ;:: 2 1 days, 
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cells were split and repiated at 5 x 10 s ceils/ml in Iscoves/10% human AB 
serum/1 000U rhIL-2/ral At T-26 days, the CTLs raised against gplOG were 
tested in 5t Cr-release assay using peptide pulsed T2 ceils as targets. Effector 
CTLs were TIL 1520 which specifically recognize an HLA-A-A2 restricted 
epitope of the wild-type human gplOO protein. Figure 5 shows the results of this 
assay. There is epitope-specific recognition that was not present prior to 
education of the T cells with the infected DCs. 

It is to be understood thai while the invention has been described in 
conjunction with the above embodiments, that the foregoing description and the 
following examples are intended to illustrate and not limit the scope of the 
invention. For example, any of the above-noted compositions and/or methods can 
be combined with known therapies or compositions. Other aspects, advantages 
and modifications within the scope of the invention will be apparent to those 
skilled in the art to which the invention pertains. 
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CLAIMS 

1 . A method of inducing a prophylactic immune response to a self- 
antigen in a subject, comprising administering to the subject an effective amount 
of the antigen or an altered form of the antigen. 

2. The method of claim 1 s wherein the antigen is administered as a 
polynucleotide coding for the self-antigen. 

3. I he method of claim 2. wherein the polynucleotide is delivered as 
naked DNA. 

4 . The method of claim 2, wherein the polynucleotide is delivered in 
a gene delivery vehicle. 

5. The method of claim 1 , further comprising administering an 
effective amount of an immunostimulatory agent to the subject. 

6. The method of claim 5, wherein the immunostimulatory agent is 
administered as a polynucleotide coding for the immunostimulatory agent. 

7. The method of claim 1 , wherei n the antigen is adm inistered in an 
antigen presenting cell. 

8. The method of claim 7, wherein the antigen presenting cell has 
been genetically modified by insertion of a polynucleotide coding for the antigen. 

9. The method of claim 7, wherein the antigen presenting cell is a 
foster antigen presenting cell a hybrid antigen presenting cell, or a pulsed antigen 
presenting cell 
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1 0. The method of claim 7, -wherein the antigen presenting cell is a 
dendritic cell. 

1 \ . The method of claim 7, further comprising administering an 
effective amount of an imnmnostinmlatory agent to the subject. 

1 2. The method of claim 1 1 , wherein the immun osti m ulatory agent is 
administered as a polynucleotide coding for the immunostimulatory agent. 

33. The method of claim 1 or 7, wherein tire self-antigen is a tumor 
associated antigen (TAA). 

14. A method of providing a prophylactic immune rc sponse to a self- 
antigen in a subject, comprising administering to the subject an effective amount 
of educated immune effector cells, educated to specifically recognize and lyse 
cells expressing die self-antigen or an altered form of the self-antigen. 

1 5 , The method of claim 1 4, wherein the immune effector cells have 
been produced by stimulating naive immune effector cells with antigen presenting 
cells that present the antigen or an altered self-antigen to the naive immune 
effector ceils. 

1 6, The method of claim 1 4, wherein the educated i mmune effector 
cells are produced ex vivo, 

1 7. The method of claim 14, wherein the educated immune effector 
cells are produced in vivo. 
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1 8. The method of claim 1 4, further comprising administering an 
effective amount of an immunostimulatory agent. 

1 9. The method of claim i 8, wherein the immunostimuktory agent is 
administered as a polynucleotide coding for the immunostimulatory agent. 

20. The method of claim 1 or 14, wherein the subject is characterized 
as being in a disease-free state but genetically predisposed to a condition subject 
to immune surveillance. 

21. The method of claim 20. wherein the condition is associated with 
the presence of the HER-2/heu gene in the subject. 

22. The method of claim 1 or 1 4, wherein the subject is characterized 
as being in a disease free interval of a condition subject to immune surveillance. 

23. The method of claim 22, wherein the condition is m elanoma. 
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Assay of CTLs Generated From 
Normal Donor PBL With Ad-GP100- 
infected Dendritic Cells 
(Targets=T2 Cells Pulsed with GP1 OO- 
FS PepWde) 
30 n — _ 




1:1 5:1 10:1 

EffectonTarget Ratio 

FIG. 5 
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SEQUENCE LISTING 

<110> Nicoietts, Charles A. 

<120> COMPOSITIONS A;C.) METHODS FOR AN T I G E ~ S F 2 T I r ' I C 
VACCINATION 

<130> 153792001040 



<150> 60 /Q? 8, 890 
<151> 1998-03-20 

<I60> 17 

<I?0> Patantln Ver. 2,0 

<210> 1 
<2il> 662 
«212> ?BT 

<213> Homo sapiens 
<40Q> 1 

Met Asp Leu Val Leu Lys Arg Cys Leu Leu His Leu Ala Val He Gly 
1 S 10 IS 

Ala Leu Leu Ala Val Gly Ala Thr Lys Val Pro Arg Aso Gin Asp Trp 
20 25 30 

Leu Giy Val Ser Arg Gin Leu Arg Thr Lys Ala Trp Asn Arg Gin Leu 



Tyr Pro Glu Trp Thr Glu Ala Gin Arq Leu Asp Cvs Trp Are? Giy Giv 

50 55 60 

Gin Val Sei Leu Lys Val 3<=ir Asp Asp Giv Pro Thr Leu 11® Glv Ala 

65 70 75 30 



lie Ala Leu Asn Phe Pro Gly Ser Gin Lys Val 



Ser Gin Val Trp Gly Giy Gin Pro Vaj. Tyr Pro Gin Giu Thr Aso Asp 
115 120 125 

Ala Cys lie Phe Pro Asp Gly Giy Pro Cys Pro Ser Giy Ser Trp Ser 
130 135 140 

Gin Lys Arg Ser Phe Val Tyr Val Trp Lys Thr Trt> Gly Gin Tvr Trp 
145 150 15S ISO 

Gin Val Leu Giy Giy Pro val Ser Gly Leu Ser lie Gly Thr Gly Arg 
165 170 175 

Ala Met Leu Giy Thr His Thr Met Glu Val Thr Val Tyr His Arg Arg 
180 185 190 



! 



WOW/46988 
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Sly Set Arg Ser Tyr Val Pro Leu Ala His Ser Ser Ser Ala Phe Thr 
195 200 205 

lie Thr Asp Gin V&I Pro Phe S»r Vai Ser Val Ssr Gir: Leu Arq Ala 
210 215 220 

Leu Asp Gly Gly Asn Lys His Ph« Leu Arg Asn Gin Pro Leu Thr Phe 
225 230 235 2 4 0 

Ala Leu Gin Leu His Asp Pro Ser Gly Tyr Leu Ala Giu Ala Asc Leu 
245 250 255 

Ssr Tyr Thr Trp Asp Phe Gly Asp Ssr Ser Gly Thr Leu lie Ser Arg 
260 255 270 

Ala Leu Val Vai Thr His Thr Tyr Leu Giu Pro Civ Pro Vai Thr Ala 
275 280 285 

Gin Val Vai Leu Gin Ala Ala lie Pro Leu Thr Ser Cvs Giv Ser Ser 
290 295 300 

Pro Vai Pro Gly Thr thr Asp Giy His Arq Pro Thr Ala Giu Aid Pro 
305 310 315 320 

Asn Thr Thr Ala Giy Gin Val Pro Thr Thr Giu Vai Vai Giv Thr Thr 
325 330 335 

Pro Gly Gin Ala Pro Thr Ala Giu Pro Ser Giy Thr Thr Ser Vai Gin 
340 3-15 350 

Val Pro Thr Thr Giu Vai lie Ser Thr Ala Pro Val Gin Met fro Thr 
355 360 365 

Ala Giu Ser Thr Giy Mat Thr Pro Giu Lvs Vai Pro V&l Ssr Giu Vai 
370 375 380 

Met Giy Thr Thr Leu Ai& Giu Met Ser Thr Fro Giu Ala Thr Giv Met 
335 390 395 * 4 00 

Thr Pro Ala Giu Vai. Ser lie Vai Vai Leu Ser Giv Thr Thr Ala Ala 
405 410 415 

Gin Val Thr Thr Thr Giu Trp Val Giu Thr Thr Ala Arg Giu Leu Pro 
420 425 430 

lie Pro Giu Pro Giu Giy Fro Asp Ala Ser Ser lie Met Ser Thr Giu 
435 4 40 44 5 

Ser lie Thr Giv Ser Leu Giy Pro Leu Lou Asp Gly Thr Ala Thr Leu 
450 4 55 4 60 

Arg Leu Vai Lys Arq Gin Vai Pro Leu Asp Cvs Vai Leu Tyr Arg Tyr 
465 4 70 475 480 

Giy Ser Phe Ser Vai Thr Leu Asp lie Val. Gin Giy lie Giu Ser Ala 
485 490 495 

Giu lie Leu Gin Ala Vai Pro Ser Giy Giu Giv Asp Ala Phe Giu Leu 
500 505 SiO 
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WO 
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Thr v&l Ser Cvs Gin Giv Giy Leu Pro Lvs GIu Ala Cvs Met Glu lie 
515 520 525 

Ser Ssr Fro Giy Cys Gin Pro Pro Aia Gin Arg Lea Cys Gin Pro Val 
S3C 535 540 

Leu ?rs Ssr Pro Ala Cys Gin Leu Val Leu Bis Giri lie Leu Lv& Gly 
54 5 550 555 " 560 

Gly Ser Gly Thr Tyr Cys Leu fen V&l Ser Leu Aia Ask Thr Asn Ser 
565 570 575 

Leu Aia Val Val Ser Thr Gin Leu He Met Pro Gly Gin GIu Ala Gly 
580 585 590 

Leu Giy Girt Val Pre Leu lie Val Giv lie Leu Leu Val Ley Met Aia 
595 600 605 

Val Val Leu Ala Ser Leu lie Tyr Arg Arg Arg Leu Met Lys Gin Aso 
610 615 520 

Pile Ser Val Pro Gin Leu Pro His Ser Ser Ser His Trp Leu Arg Leu 
625 650 635 640 

Pro Arq lie Phe Cys Ser Cys Pro lie Gly Glu Asn Ser Pro Leu Leu 
6« 650 655 

Ser Giy Gin Gin Val Xaa 
660 



<210> 2 
<211> 4 
< ;;!:> > PRT 

<213> Mus tauseuius 
<<S00> 2 

Leu Glu Gly Ser 
1 



<210> 3 
<21I> 4 
<212> PRT 

<213> Mus mus cuius 
<400> 3 

Pro Lys Pro Pro 



<400> 4 

Pro Leu Lau Pro 
1 



3 
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<4 0G> 6 

atgccccaag aagacaccca ctt 2 3 

<210> 7 

<211> 295 

<2I2> DMA 

<213> Mus musc-ulsis 

<400> 7 

tggttatccc; aggaaggggc acagacgctc ctatgtcact gcugaagagg cccjcagggat 60 
cggeatcctg ategtggtcc tggggattgc tctgcttatc ggcsgctggt actgtagaag 120 
acgaagtgga tacagaacct fcgatggacaa aaggcgtcat attggtatte aaaaaaccfcc 180 
aagggaaaga egctcatgtg agagccctga ccaccaggac agccgactgt cctctcaaga 240 
gaaatcccat cagcccgtgg ttcccaacgc tccgcctgcc tacgagaagc tctct 295 

<210> 8 

<211> 24 

<212> DNA 

<213> Mus rtmscuius 

<400> 3 

tcscegccac cttattcacc ctga 2 4 

<210> 9 

<211> 357 

<212> DNA 

<213> Homo sapiens 

<400> 9 

atgecaagag aagatgctca cttcatctat ggttacccca agaaggggca cggccactet 60 
tacaccacgg ctgaagaggc cgctgggatc ggcaccctga cagcgaccct gggagtetta 120 
ctgetcateg gotgttggra Etgtagaaga cgaaatggat acagagcctt gatggataaa 180 
agtcttcatg ttggcaccca atgtgcctta acaagaagat gcccacaaga agggtttgat 2-30 
catcgggaca gcaaagtgtc tcttcaagag aaaaactgtg aacctgtggt tcccaatgct 300 
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:c~ocec at.gagaascc ctct.goaga-a cag-ccsccac saccttattic acotsaa 357 



<«oo> 1.0 

Mat Pro Gin Glu. Asp lie His She 



<210> 11 
<2ll> 98 
<212> PRT 

<213> Mus musculus 
<400i- 12 

Gly Tyr Pro Arg Lys Gly His Arg Arg Ser Tyr Val Thr Ala Giu Glu 
15 10 IS 

Ala Ala Gly lie Gly lie Leu lis Val Val Leu Gly lie Ala Leu Leu 
20 25 30 

He Gly Cys Trp Tyr Cys Arg Arg Arq Ser Gly Tyr Arg Thr Leu Met: 
35 40 45 

Asp Lys Arg Arg His lis Gly He Gin Lys Thr Ser Arg Giu Arg Cys 
50 55 60 

Ser Cys Glu Ser Pro Asp His Gin Asp Ser Arg Lea Ser Ser Gin Giu 
65 70 75 80 

Lys Ser His Gin Pro Val Val Pro Asn Ala Pro Pro Ala Tyr Glu Lys 
85 90 95 

Leu Ser 



<210> 12 
<211> 8 
<212> PRt 

<213> Mus reus cuius 
<400> 12 

Ser Pro Pro Pro Tyr Ser Pro Xaa 



<2i0> 13 
<211> »I19 
<2I2> PBT 

<213> Homo sapiens 
<4Q0> 13 

Met Pro Arg Glu Asp Ala His Phe lie Tvr Gly Tyr Pro Lvs Lvs Giv 
15 10 15 

His Gly His Ser Tyr Thr Thr Ala Glu Giu Aia Ala Gly lie Gly lis 
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20 25 30 

Leu Thr Val He Leu Giy Vai Leu Levi Leu lis Glv Cys Trp Tvr Cvs 
35 40 45 

Arg Arg Arg Asn Gly Tyc Arg Ala Leu Met Asp Lys Ser Leu His Vai 



Giy Thr Gin Cys Ala Leu Thr Arg Arg Cys Fro Gin Giu Giv Phe Asp 
65 70 7 5 80 

His Arg Asp Ser Lys Vai Sex Leu Glm Giu Lvs- Asn Cys Glu Pro Val 
85 90 95 

Vai Pro Asn Ala Fro Pro Ala Tyr Giu Lys Lea Ser Ala Giu Gin Ser 
100 105 no 

Pro Pro Pro Tvr Ser Pro Xaa 
115 



<2I0> 14 




<2Ii> 1559 




<212> DRA 




<213> Horoo 


sapiens 


<220> 




<22l> CDS 




<222> (54), 


, {407) 


<400> 14 




agcagacaga 


ggaetetcat 



cea aga gsa gat act; cac ttc ate tat ggt tac ccc aag aag ggg esc 104 

Pro Arg Glu Asp Aia His Phe lie Tvr Gly Tyr Pro Lvs Lvs Giy His 

5 10 15 

ggc cac tct tac ace. a eg get gaa gag qcc get ggg ate que ate ctg 152 

Gly His Ser Tyr Thr Thr Aia Giu Giu Ala Ala Glv lie Giy lie Leu 

20 25 30 

aca gtg ate ctg gga gtc t.ta ctg etc ate ggc tgt: tag tat tgt aga 200 

Thr Val He Leu Gly Val Leu Leu Leu lie Gly Cys Trp Tyr Cvs Arg 

35 40 45 

aga cga aat gga tac aga gee ttg atg gat aaa age ctt cat qtt ggc 24 8 

arg Arg Asn Gly Tyr Are Aia Leu Net Asp Lvs Ser Leu His Vai Gly 

50 55 60 65 

act caa tgt gee tta aca aga aga tgc oca caa gaa ggg feu gat. cac 296 

Thr Gin Cys Aia Leu Thr Arg Arg Cys Pro Gin Giu Giy Phe Asp His 



egg gac age aaa gtg tct ctt caa gag aaa aac tgt gaa ect gtg get 34 4 
Arg Asp Ser Lys Vai Ser Leu Gin Giu Lys Asn Cys Giu Pro Vai Val 



ccc aat get cca ect get tat gag aaa etc tct oca as a esq tea cea 392 
Pro Asn Ala Pro Pro Ala Tyr Glu Lys Lea s»r Aia Giu Gin Ser Pro 
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100 105 HO 

cca cot tat tea cat taagaqccag csagacacct gagacatcct gaaattatct 447 
Pro Pro Tyr Ser Pro 





t ttget tgsa 










ccjaaaaatcjc 








a a \. V. t. v. ■■x-ii.^ gy i. ccc/ir 3 q 






catotgagga 


aa tgar.Qiaga 


aat^Etsaat 






« t. cjt t t 


gcatgatact 






c agt aaa t cc ar.ggt. g^ tot 




1 1 1 C t L3 a C| S O 






eeggggecat 


eeaatttctc tttacttgaa 




StttgCCtcct 








ccgacatgaa ctgtacacag 




aattcttooa 






aggatactt.t 


Cacaggttaa gacaaagggr. 










gtcagcaatg 


tetctttgtg ctetaaaatt 




CtSt! tatact 






t cct at a get 


ctfcfctttttt gagatggagt 


98? 


ttcacttfctg 


tt gcecaggc 


tggagcgcaa 


tggc gcgar.c 


ttggctcacc acaacctccg 






tcaagcaatt 


ctcctgectt 


agccccctga gtagctggga teacaggegt 


1107 


9 CgCG&C t a £ 


gectgactaa 


ttttgtagtt 




eggggtttet ccatgttggt 




caggetggtc 


fccaaactcct 


gacctcaggt 


gatctgcccg 


cctsragoctc ecaaagtget 


1227 


ggaattacag 


gegtgagcca 


ocacgcctgg 


ctggatccta tatcttaggt aagacatata 


1287 


aegcagtcta 


attaoatttc 


acttcaaggc 


ccaatgctac 


tctaactaat gacaagtatt 


.1347 


tt CtaCtaaa 


ccagaaattg gtagaaggat 


ttaaataagt 


aaaagctact ar.gt.actgcc 


1407 


ctagtgctga 


tgcccgtgta 


ctgccttaaa 


tgtaectatg gcaatttagc tctcttgggt 


1467 


tcccaaaccc 


ctetcacaag aatgtgcaga 


agaaatcata 


aaggatcaga qsttctgaaa 


1527 


aaaaaaaaaa 


aaaaaaaaaa 


aaaaaaaaaa 


aa 




1559 


<210> 15 
<2ll> 118 
<212> »RT 
<213> Homo 


sapiens 










<400> 15 

Met Pro Ara Glu Asp Al 

1 5 


a His Phe 1 


:ie Tyr Gly 
10 


Tyr Pro Lys Lys Gly 
15 





His Gly His Ser Tyr Thr Thr Ala Glu Glu Ala Ala Gly lis Gly lie 
20 25 30 



Leu Thr Val lie Leu Gly Val Leo Leu Leu lie Gly Cys Trp Tyr Cys 
35 40 45 

Arg Arg Arg Asn Gly Tyr Arg Ala Lea Met Asp Lys Ser Leu His Val 
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Giy Thr Gin Cys Ala Leu Thr Arg Arg Cys Pro Gin Glu Giy Phe Asp 
65 70 75 80 

His Arg Asp Ser Lys Val Ser Leu Gin Glu Lys Asn Cys Glu Pro Val 



Val Pre Asn Ala Pro Pro Ala Tyr Glu Lys Lea Ser Ala Glu Gin Ser 
100 105 110 

Pro Pro Pro Tvr Ser ?ro 
115 



<210> 16 
<211> 517 
<212> PR? 

<213> Mus Museulus 
<400> IS 

Met Giy Leu Val Giy Trp Giy Leu Leu Leu Giy Cys Leu Glv Cys Giy 

15 10 15 

He Leu Leu hrq Ala Arc? Ala Gin Phe Pro Arg Val Cys Met Thr Leu 
20 25 30 

Asp Giy Val Leu Asn Lys Glu Cys Cys Pro Pro Leu Giy Pro Gin Ala 
35 40 45 

Thr Asn lie Cys Giy Phe Leu Glu Giy Arg Giy Gin Cys Ala Glu Val 
50 55 SO 

Gin Thr Asp Thr Arg Pro Trp Ser Glv Pro Tvr He Leu Arg Asn Gin 
65 70 75 80 

Asp Asp Arg Glu Gin Trp Pro Arg Lys Phe Phe Asn Arg Thr Cys Lys 
85 90 95 

Cys Thr Giy Asn Phe Ala Giy Tyr Asn Cys Giy Giy Cys Lys Phe Giy 
IOC 105 110 

Trp Thr Giy Pro Asp Cys Asn Arg Lys Lys Pro Ala He Leu Arg Arg 
115 120 125 

Asn Ha His Ser Leu Thr Ala Gin Glu Arg Giu Gin Phe Leu Glv Ala 
130 135 140 

Leu Asp Leu Ala Lys Lys Ser He His Pro Aso Tyr Val He Thr Thr 
145 150 155 160 

Gin His Trp Leu Giy Leu Leu Glv Pro Asn Giy Thr Gin Pro Gin He 
165 170 175 

Ala Asn Cys Ser Val Tyr Asp Phe Phe Val Trp Leu His Tyr Tyr Ser 
180 185 190 

Val Arg Asp Thr Leu Leu Giy Pro Giy Arg Pro Tvr Lys Ala He Asp 
1S5 200 20:5 

Phe Ser His Gin Giy Pro Ala Phe Val Thr Trp His Arg Tyr His Leu 



WO 99/4698$ 



PCT/US99/86034 



Leu Trp Leu GIu Arg Giu Leu Sin Arg Leu Thr Giv Aan Giu Ser Phe 
225 ' 2 30 235 " 2 40 

Ala Leu Pro Tyr Trp Asa Phe Ala Thr Giv Lys Asn Giu Cys As» Vai 
245 250 255 

Cys Thr Asp Asp Trp Leu Giv Ala Ala Arg Gin Asp Asp Pro Thr Leu 
260 265 270 

lie Ser Arc Asm Ser Arg Phe Ser Thr ?r» Giu lie Va! Cys Asp Set: 
275 280 235 

Leu Asp Asp Tyr Asn Arg Arg Vai Thr Lau Cys Aso Gly Thr Tyr Giu 
230 295 300 

Gly Leu Leu Arg Arg Asn Lys V*l Gly Arg Asn As ft Giu Lvs Leu Pro 
305 310 "315 320 

Thr Leu Lys Asn Vai Gin Aso Cys Lea Ser Lea Gin Lys Phe Aso Ser 
325 330 335 

Fro Pro Phe Phe Gin Asn Ser Thr Phe Ser Phe Ara Asn Aia Leu Giu 
340 34 3 350 

Gly Phe Asp Lys Ala Asp Gly Thr Leu Aso Ser Gin Vai Met Asn Lea 
355 360 365 

His Asa Leu Ala His Ser Phe Leu Asn Giy Thr Asn Ala Leu Pro His 
370 375 380 

Ser Aia Aia Asn Asp Pro Vai Phe Vai Vai Leu His Ser Phe Thr Asp 
3S5 390 395 400 

Ala lie Phe Asp Giu Trp Lea Lys Arg Asn Asn pro Ser Thr Asp Ala 
405 410 415 

Trp Pro Gin Giu Leu Aia Pro iie Giy His Asn Arc Met Tvr Asn Me:: 
4 20 425 4 30 

Vai Pro Phe Phe Pro Pro Vai Thr Asn Giu Giu Leu Phe Leu Thr AU 
435 440 445 

Giu Gin Leu Gly Tyr Asn Tyr Ala Vai Asp Leu Ser Giu Giu Giu Aia 
4 50 4 55 4 60 

Pro Vai Trp Ser Thr Thr Leu Ser Vai Vai lie Giv lie Leu Gly Ala 
465 ,370 475 480 

Phe Vai Leu Leu Leu Gly Leu Leu Aia Phe Leu Gin Tvr Arg Arg Leu 
485 490 ' 4 95 

Arg Lys Gly Tyr Ala Pro Leu Met Giu Thr Giy Leu Ser Ser Lvs Arg 
500 505 510 

Tyr Thr Giu Giu Aia 
515 
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<211> 519 
<Z12> PRT 

<213> homo sapiens 
<400> 17 

Met Ser Pro Lea Trp Trp Gly Phe Leu Leu Ser Cys Leu Gly Cys Lys 



lis Lea Pro Gly Ala Gin Gly Gin Phe Pro Arg Val Cys v~* Thr Val 
20 25 30 

Asp Ser Leu Val Asn Lys Glu Cys Cys Pro Arcs Leu Gly Ala GIu Ser 
35 40 45 

Ala Asn Val Cys Gly Ser Gin Gin Gly Arg Gly Gin Cys Thr Glu Val 
50 55 60 

Arg Ala Asp Thr Arg Pro Trp Ser Gly Pro Tyr He Leu Arg Asn Gin 



Asp Asp Arc Glu Leu Trp Pro Ara Lvs Phe Phe His Arcs Thr Cys Lys 

35 90 * 55 

Cys Thr Gly Asn Phe Ala Gly Tyr Asn Cys Gly Asp Cys Lys Phe Giy 
100 105 " ' 110 

Trp Thr Gly Pro Asn Cys Glu Arg Lys Lys Pro Pro Val lie Arq Gin 
115 120 125 

Asn lie His Ser Leu Ser Pro Gin Giu Arg Glu Gin Phe Leu Giy Ala 
130 135 140 

Leu Asp Lea Ala Lys Lys Arg Val His Pro Aso Tyr Val lie Thr Thr 
145 150 155 160 

Gin His Trp Leu Gly Leu Leu Gly Pro Asn Giy Thr Gin Pro Gin Pha 
165 170 175 

Ala Asn Cys, Ser Val Tyr Asp Phe Phe Val Tro Leu His Tvr Tyr Ser 
180 185 150 

Val Arq Asp Thr Leu Leu Gly Pro Gly Arq Pro Tyr Arg Ala Tie Aso 
135 200 205 

Phe Ser Kis Gin Gly Fro Ala Phe Val Thr Trp His Arg Tyr His Lea 
210 215 220 

Leu Cys Leu Glu Arg Asp Leu Sin Arq Leu lie Giy Asn Glu Ser Phe 
225 230 235 24 0 

Ala Leu Pro Tyr Trp Asn Phe Ala Thr Giy Arg Asn Glu Cvs Asp val 
2 4S 250 " 255 

Cys Thr Asp Gin Leu Phe Gly Ala Ala Arg Pro Asp Aso Pro Thr Lea 
260 265 270 

He Ser Arg Asn Ser Arg Phe Ser Ssr Tro Giu Thr Val Cvs Asp Ser 
275 280 285 

Leu Aso Asp Tyr Asn His Leu Val Thr Leu Cvs Asn Giy Thr Tvr Glu 
230 295 " 300 
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■ Lys 



Arc i 

Asp : 



l Asn Gin Met Giy Aro Asn 
310 315 



; Arc; As.d Cys Lei.; Ser : 
330 



ar Met Lys .Leu Pro 
320 



Gin Asp. Ser Thr 



Phe Ser i 
340 345 

Giy Phe Asp Lys Ala Asp Giy thr Leu Asp : 
355 360 

Leu Val His Ser J?ne Leu Asn Giy ' 

375 

AX« Asn Asp Pro lie ?he Val Val i 



His A, : ; 
370 



i Arcs Asp. Ala Leu Glu 
350 



Vai Met Ser Leu 



i i-- - r f'he Thr Asp 
4 00 



Ala lie Phs i 
Trp Pro ( 
Val Pro \ 



420 
Pha i 



i Met Lys 
; Pro lie 



■ Val Thr 
4 40 



Arg Phe i 
410 



Giy His < 
•525 



Af$n Arg Met Tyr Asn Met: 

43C 

Asn Glu Glu j 



Asd Gin 3 
450 



■ Tyr 

■ Trp 



Pro 'i 
470 



lie Ai5p 
Lsu Leu 



val Me;: Giy Thr Leu 
430 



Val Ala Lsu Val < 



• Leu Phe Val Leu Leu Ala : 



Arg Leu Arg Lvs Giy Tyr Thr Pre 
500 

Lys Arg Tyr Thr Glu Glu Aia 
515 



4 90 



Leu Mar. ; 
505 
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